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introduced  than  the  native  fish.  The  major  factor  responsible  for  the  loss  of 
westsl ope  cutthroat  trout  populations,  however,  has  probably  been  the 
introduction  of  Yellowstone  cutthroat  and  rainbow  trout,  (h  myki.ss,  into  its 
native  range.  These  introductions  have  resulted  in  widespread  elimination  and 
hybridization  between  the  native  and  introduced  fishes  which  has  destroyed  the 
genetic  integrity  of  most  native  populations  (Allendorf  and  Leary  1988;  Liknes 
and  Graham  1988;  Rieman  and  Apperson  1989). 

Historically,  genetically  pure  westslope  cutthroat  trout  populations  were 
distinguished  from  those  in  which  hybridization  has  or  is  occurring  (hybrid 
swarms)  by  analysis  of  morphological  characters.  These  comparisons  assume  that 
hybrid  swarms  will  be  morphologically  intermediate  to  the  parental  taxa  and  have 
increased  morphological  variance.  Some  studies,  however,  have  shown  that  for 
trout  these  assumptions  are  not  always  valid  (Busack  and  Gall  1981;  Leary  et  al . 
1984,  1985a).  Morphological  comparisons,  therefore,  can  potentially  provide 
misleading  information  about  the  genetic  status  of  trout  populations.  That  is, 
whether  they  represent  a genetically  pure  population  of  a taxon  or  a hybrid 
swarm. 

Protein  electrophoresis  provides  a powerful  means  of  determining  the 
genetic  status  of  trout  populations  when  complete,  or  nearly  complete,  allele 
(form  of  a gene)  frequency  differences  exist  between  taxa  at  several  protein 
coding  loci  (genes).  Because  of  this  attribute,  loci  at  which  such  differences 
exist  are  commonly  termed  diagnostic  loci  (Ayala  and  Powell  1972).  Individuals 
from  genetically  pure  populations  will  possess  alleles  at  all  diagnostic  loci 
characteristic  of  only  that  taxon.  First  generation  hybrids  will  be  heterozygous 
(i.e.,  possess  two  different  alleles  at  a locus)  at  all  diagnostic  loci  for 
alleles  characteristic  of  both  parental  taxa  (e.g.  Leary  et  al . 1983).  When 
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example,  the  South  Fork  Flathead  River  drainage  is  considered  to  be  the  last 
remaining  stronghold  of  westslope  cutthroat  trout  in  Montana  (Liknes  and  Graham 
1988).  Of  34  lakes  sampled,  only  six  (17.6%)  contained  westslope  cutthroat  trout 
populations.  The  remaining  samples  either  came  from  hybrid  swarms  between 
westslope  cutthroat  and  Yellowstone  cutthroat  or  rainbow  trout  (N=19,  55.9%)  or 
populations  containing  no  westslope  cutthroat  trout  genes  (N=9,  26.5%).  Of  the 
44  creeks  sampled,  30  (68.2%)  contained  westslope  cutthroat  trout  populations, 
13  (29.5%)  contained  hybrid  swarms  with  westslope  cutthroat  trout,  and  one  (2.3%) 
creek  contained  a rainbow  trout  population.  Furthermore,  many  of  the  resident 
westslope  populations  are  not  protected  by  dispersal  barriers  from  future 
hybridization.  Obtaining  a similar  understanding  of  the  distribution  of 
westslope  cutthroat  trout  in  other  areas  is  considered  a primary  goal  of  the 
restoration  program.  Without  a dramatic  increase  in  the  rate  at  which 
electrophoretic  surveys  are  being  conducted  we  conservatively  estimate  that  an 
accurate  statewide  distribution  of  westslope  cutthroat  trout  wil  I not  be  obtained 
until  the  year  2020. 

Some  generalities  concerning  the  distribution  of  westslope  cutthroat  trout 
in  Montana  appear  to  be  emerging  from  the  few  extensive  electrophoretic  surveys. 
First,  hybrid  swarms  between  westslope  and  Yellowstone  cutthroat  trout  are 
usually  found  only  in  lakes  or  tributaries  draining  lakes  with  hybrid  swarms  or 
Yellowstone  cutthroat  trout  populations.  Streams  that  were  stocked  with 
Yellowstone  cutthroat  trout  but  do  not  drain  lakes  likewise  stocked  usually  fail 
to  show  evidence  of  hybridization  with  Yellowstone  cutthroat  trout.  This 
suggests  that,  in  terms  of  reproduction,  Yellowstone  cutthroat  trout  stocking 
west  of  the  Divide  was  successful  almost  exclusively  in  headwater  lakes.  Thus, 
streams  in  drainages  not  having  headwater  lakes  stocked  with  Yellowstone 
cutthroat  trout  have  a greater  probability  of  still  containing  pure  westslope 
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removal  is  not  likely  to  be  commonly  used  because  of  adverse  public  and 
departmental  opinions  and  practical  reasons.  Many  lakes  and  streams  containing 
hybridized  or  non-native  populations  exist  in  remote  areas.  Barriers  can  be 
constructed  to  prevent  upstream  migration  in  certain  situations.  Hatchery 
westsl ope  cutthroat  trout  can  be  used  in  genetic  restoration  programs;  that  is, 
stocked  in  upstream  populations  or  downstream  populations  when  barriers  are  not 
practical.  The  premise  is  that  these  introductions  will  reduce  the  percentage 
of  non-native  genes  in  populations.  This  will  be  accomplished  by  displacement 
of  hybrids  by  the  westslope  cutthroat  trout  and  by  successful  reproduction  of  the 
stocked  fish.  Through  repeated  introductions  it  may  be  possible  to  restore  a 
population  to  virtually  pure  westslope  cutthroat  trout  (i.e.,  genetically  99%  or 
greater).  Preliminary  results  from  some  experimental  introductions  into 
headwater  lakes  in  the  South  Fork  Flathead  River  drainage  suggest  that  this 
practice  may  be  an  effective  means  of  restoration. 

Rating  of  populations  for  conservation  and  management  purposes 

We  feel  a rating  system  based  upon  the  genetic  status  of  populations  and 
the  likelihood  of  future  hybridization  is  essential  for  implementing  an  effective 
conservation  program.  With  this  system,  management  policies  can  be  formulated 
for  groups  of  populations  and  as  the  data  base  expands  populations  will  have  a 
pre-existing  policy  dictated  largely  by  their  rating.  We  propose  the  following 
rating  system  be  used. 

Al:  Results  frpm  electrophoretically  testing  at  least  25  individuals 

indicate  the  population  is  genetically  pure  (100%)  westslope 
cutthroat  trout.  The  population  is  also  isolated  because  of  natural 
or  man  made  barriers  protecting  it  from  future  hybridization.  These 
populations  have  extremely  high  conservation  status  and  all  efforts 
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analysis. 

C:  Hybrid  swarms  containing  less  than  a 98%  westslope  cutthroat  trout 

genetic  contribution.  If  such  populations  threaten  the  status  of 
class  A populations  chemical  removal,  construction  of  barriers,  or 
genetic  restoration  through  introduction  of  hatchery  westslope 
cutthroat  trout  should  be  considered. 

D:  This  category  constitutes  genetically  pure  rainbow  and  Yellowstone 

cutthroat  trout  populations  outside  that  species’  natural  range.  If 
they  exist  in  headwater  lakes  or  tributaries  and  their  presence 
threatens  the  status  of  class  A populations,  then  rehabilitation 
efforts  should  seriously  be  considered.  If  they  represent  little 
potential  for  hybridization,  then  the  possibility  of  leaving  them  in 
their  present  state  as  a conservation  measure  for  these  fishes 
should  be  considered.  For  example,  a population  of  Colorado  River 
cutthroat  trout,  (L.  c^_  pleuriticus,  exists  in  Williamson  Lakes, 
California.  Although  it  is  far  outside  the  taxon’s  native  range,  it 
is  only  one  of  two  populations  that  are  now  known  to  be  pure 
Colorado  River  cutthroat  trout. 

Westslope  cutthroat  trout  hatchery  brood  stock  histories 

The  first  attempt  by  the  Department  of  Fish,  Wildlife,  and  Parks  to 
establish  a westslope  cutthroat  trout  brood  stock  occurred  in  1952.  In  January, 
Bob  Mitchell,  Ed  Furnish,  and  a Great  Falls  game  warden  flew  into  the  Big  Prairie 
Ranger  Station  in  the  Bob  Marshall  Wilderness.  They  captured  32  fish  by  hook  and 
line  from  Big  Salmon  Lake  in  about  4 to  5 days.  The  fish  were  temporarily  held 
in  a live  box,  subsequently,  anaesthetized,  packed  in  moss-lined  boxes,  and  flown 
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above  brood  stock  are  believed  to  have  been  genetically  pure  westslope  cutthroat 
trout.  Electrophoretic  analysis  of  samples  obtained  from  the  tributaries  in  1983 
indicated  they  all  contained  pure  westslope  cutthroat  trout. 

In  1956,  the  Somers  hatchery  obtained  fertilized  eggs  from  2 or  3 pair  of 
westslope  cutthroat  trout  spawned  at  the  Creston  National  Fish  Hatchery.  The 
progeny  from  these  eggs  were  then  stocked  into  Laurie  Lake  in  1958  after  it  had 
been  chemically  rehabilitated.  The  lake  was  used  as  a brood  lake  from  1960  until 
1965  when  the  population  had  essentially  disappeared. 

The  Creston  National  Fish  Hatchery  apparently  did  not  raise  westslope 
cutthroat  trout  between  1957  and  1964.  In  1964,  however,  fish  from  Laurie  Lake 
were  transferred  to  the  hatchery  and  a brood  stock  was  maintained  until  1971  when 
it  had  to  be  destroyed  for  furunculosis  disinfection. 

When  fish  from  the  Hamilton  hatchery  were  transferred  to  Libby  they  were 
mixed  with  individuals  derived  from  Laurie  Lake.  These  fish  were  used  to 
establish  a brood  stock  which  was  maintained  at  the  hatchery  until  1969  when  all 
fish  were  stocked  and  the  hatchery  was  closed. 

Laurie  Lake  fish  were  also  used  to  establish  another  brood  stock.  In  1965, 
fish  were  transferred  to  Spoon  Lake  and  eggs  obtained  from  the  lake  were  used  in 
the  hatchery  program  through  1970. 

In  1965  and  1967,  the  Department  of  Fish  Wildlife  and  Parks  again  attempted 
to  establish  a hatchery  westslope  cutthroat  trout  brood  stock.  Each  year 
fertilized  eggs  from  about  15  pair  of  fish  collected  from  Emery  Creek  and  Hungry 
Horse  Creek  were  transferred  to  the  Jocko  River  State  Trout  Hatchery.  Progeny 
from  these  fish  were  first  successfully  spawned  in  1968.  By  the  early  1970’s, 
the  brood  stock  was  large  enough  to  be  capable  of  producing  over  one  million  eggs 
for  production  fish. 
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that  would  be  capable  of  surviving  and  reproducing  in  a variety  of  natural 
situations. 

In  order  to  incorporate  genetic  diversity  into  the  brood  stock,  fish  were 
collected  from  a number  of  streams.  Electrophoretic  data  indicate  that  westslope 
cutthroat  trout  populations  are  characterized  by  having  little  genetic  variation 
within  them  but  substantial  differentiation  among  them  even  over  short  geographic 
distances  (Allendorf  and  Leary  1988;  Leary  et  al  1988).  This  genetic  divergence 
is  largely  due  to  the  presence  of  many  alleles  that  exist  at  appreciable 
frequency  in  only  a small  proportion  of  the  populations.  It  was  felt  that  by 
collecting  fish  from  many  populations  a number  of  variant  alleles  would  be 
introduced  into  the  brood  stock  thereby  increasing  genetic  diversity.  Analysis 
of  the  1986  through  1989  year  classes  indicated  that  this  goal  was  achieved 
(Leary,  unpublished  data). 

Efforts  will  be  made  to  maintain  genetic  variation  in  the  brood  stock. 
Individuals  will  be  spawned  at  random  with  each  fish  having  an  equal  chance  of 
mating  with  any  other  fish.  The  only  fish  that  purposefully  will  not  be  spawned 
are  those  with  obvious  morphological  deformities.  To  avoid  selecting  for  early 
maturity,  future  brood  stock  will  be  retained  from  crosses  between  four  year  old 
males  and  five  year  old  females.  At  these  ages,  90%  of  the  individuals  of  each 
sex  have  attained  maturity.  This  practice  will  also  result  in  genetic  exchange 
among  year  classes  preventing  the  establishment  of  a number  of  reproducti vely 
isolated  brood  stocks  in  the  hatchery.  Selection  for  time  of  spawning  during  the 
season  will  be  avoided  by  randomly  choosing  one  percent  of  the  eyed  eggs  from 
each  spawning  period  for  future  brood  stock.  The  efficacy  at  which  this 
procedure  maintains  genetic  variation  will  be  monitored  by  obtaining 
electrophoretic  data  from  70  loci  and  the  counts  of  five  bilateral  meristic 


6ulmo[[oj  aqq  qqLM  suoiqELndod  y ssep  qoaqojd  oq  pau6i.sap  apiAiQ  am  qo 
qsaM  sujEj6ojd  uoLqBJoqsaj  oiq9U9&  ui  pasn  aq  L L !^M  >P°1S  poojq  aqq  wojq  qsiq 

•saLjaqoqBq  aqq  qo  auo  qB  uo.Lq9l°s!- 
ui  pas lbj  aq  XLiJBJodiuaq  iuM  XuaBojd  6ui.q[nsaj  aqq  jo  qsLj.  asaqq  ‘^Lasq.1 
uoLqB [ndod  aqq  wojq  paqoaLLOO  aq  |_UM  suoLqonpojqui  aqq  Joq  qsiq  jo  saqaiuaB  aqq 
‘[Biquassa  pajapLsuoo  sl  uoLqonpo..tdaj  [9^n^BU  uoLqBquauiBnB  qi  *suoiq.B[n6aj 
aAiqoijqsaj  X[qLssod  pua  suoiqipuoo  [Bqugwuoj LAua  aqBnbapB  6uiuLBquiBUJ  Xq  pajnsua 
aq  p[noqs  suoLqB[ndod  asaqq  qo  Xqi[LqBiA  panuLquoo  aqi  •suoiq.B[ndod  jy  ssb[d 
6uiULEquoD  sjaqEM  oquL  paonpojqui  aq  [UM  >1  o o q. s poojq  aqq  uiojq  qsy  on 

•qsiq  pllm 

uo  qs iq  XjaqoqBq  qo  sqoaqqa  Leiquaqod  aqq  az lujlu liu  oq  saui|apin6  6ui>poqs  qdops 
oq  quBqjoduii  sl  qL  ‘snqq  •pauiEquLBiu  aq  ubo  >poqs  poojq  auo  X[uo  qaqq  aqBqoLp 
‘jaABMoq  ‘squLBjqsuoo  [B l oubu Lq  pus  aosds  -s>poqs  poojq  snojawnu  uiBquiBiu 
oq  XjBSsaoau  aq  p[noM  q.L  ‘ qs i j.  XjaqoqBq  qo  uoiqonpojqut  aqq  Xq  suoLqB[ndod  qnojq 
qBOjqqqno  ado[sqsaM  aAiqsu  qo  soiqsijaqoEJBqo  oiqauaB  aqq  6uijaq[B  pioAB  oq 

■uoLqnqLjquoo 

OLqauaB  jaqaajB  b u3al6  jo  X[quanbajq  ajoui  paqoa[[oo  aq  [[.lm  qs iq  p[iM 
‘BuLuaddBq  aq  oq  sjBaddB  siqq  qi  -uoiqBOiqsauiop  qo  su6is  snoLAqo  joq  >poqs  poojq 
aqq  joqiuom  [[lm  [auuosjad  XjaqoqBp  'PL^M  9lW  u!-  9Lil  i°  LBAiAJns  qoaqqB 

X[asJ3ApB  pLnoo  qoLqM  >poqs  poojq  DLqsauiop  X[q6iq  b 6uido[3Aap  quaAajd  [[im  siqq 
qsqq  padoq  si  qi  -aajq  assasLp  paiqLqjao  aJB  qaqq  suoLqB[ndod  y jo  iy  pauuiquoo 
X[aqB ipaiuui i iuojq  qsiq  jo  saqaujB6  qo  uoiqonpojquL  aqq  Xq  paqs i [dwoooE  aq  [[lm 
SLqq  'SJEaX  aALSsaoons  aajqq  Joq  >poqs  poojq  aqq  oq  uoiqnqLjquoo  oiqauaB  %oi 
oq  3A iq  b aABq  [ [ lm  suoLqB[ndod  lbu LBLJoqB  iuojq  q s Lq  p[iM  SJEaX  uaq  XjaAq 

•p[o  jbbX  auo  qnoqB  aJB  Xaqq  uaqM  >poqs  poojq 
ajnqnq  qo  ssb[d  JBaX  qoBa  iuojq  s[BnpiAipuL  pa[duiBS  X[iuopuBJ  OS  iuojq  SJaqoBJBqo 


15 


exceptions;  those  that  exist  in  unusual  environments  (e.g.,  warm  or  saline  water) 
or  have  unusual  behavioral  characteristics  (e.g.,  spawning  time)  unless  they  are 
in  imminent  danger  of  becoming  hybridized  in  which  case  genetic  restoration  of 
the  hybridized  population  may  require  the  introduction  of  hatchery  fish.  This 
eventually  may  alter  the  genetic  characteristics  of  the  class  A populations,  but 
it  is  considered  more  desirable  that  westslope  mate  with  westslope  cutthroat 
trout  than  with  hybrid  or  non-native  fishes  resulting  in  the  further  loss  of 
class  A populations. 

Although  electrophoretic  data  have  failed  to  indicate  that  populations  east 
and  west  of  the  Divide  constitute  genetically  distinct  groups  (Phelps  and 
Allendorf  1982;  Leary  and  Sage  1990),  we  feel  it  is  initially  best  to  adopt  a 
conservative  policy  and  avoid  genetic  exchange  across  the  Divide. 
Electrophoresis  allows  one  to  examine  genetic  variation  at  only  a small  fraction 
of  all  the  genes.  Eastern  and  western  populations,  therefore,  could  be  distinct 
at  unexamined  genes. 

Because  the  present  brood  stock  was  founded  from  fish  west  of  the  Divide, 
fish  derived  from  it  will  not  be  introduced  into  waters  east  of  the  Divide. 
Furthermore,  eastern  populations  will  not  serve  as  a source  of  wild  fish  or 
gametes  for  the  brood  stock.  For  eastern  genetic  restoration  programs,  fish  can 
be  introduced  directly  into  the  target  populations  from  nearby  class  A1  or  A 
populations.  Alternatively,  fish  from  the  latter  populations  can  be  transferred 
to  a hatchery,  temporarily  raised  in  isolation,  and  spawned.  The  resulting 
progeny  can  then  be  used  in  genetic  restoration  programs  or  released  back  into 
the  water  from  which  the  parents  were  obtained  to  prevent  adversely  affecting 
natural  reproduction  by  the  removal  of  adult  fish.  If  the  cost  of  implementing 
this  policy  is  found  to  hinder  effective  management  of  the  present  brood  stock 
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geographic  structure  that  is  commonly  referred  to  as  its  population  genetic 
structure.  For  example,  a certain  proportion  of  the  total  genetic  variation  in 
a taxon  may  be  attributable  to  genetic  differences  among  populations  inhabiting 
particular  regions,  among  populations  within  regions,  and  finally  within  local 
populations.  The  distribution  of  genetic  variation  among  these  levels  is  the 
result  of  long  and  complex  interactions  among  four  evolutionary  forces: 
mutation,  natural  selection,  genetic  drift,  and  migration  (i.e.,  exchange  of 
genes  among  populations). 

The  relative  importance  of  these  evolutionary  factors  is  likely  to  differ 
among  taxa  and,  therefore,  population  genetic  structures  may  be  quite  different, 
even  among  closely  related  taxa.  An  understanding  of  the  population  genetic 
structure  of  a taxon  aids  in  formulating  a genetically  rational  conservation 
program.  When  substantial  genetic  differences  exist  among  geographic  groups  of 
populations,  maintaining  genetic  diversity  requires  continued  existence  of 
populations  in  each  region.  This  is  especially  true  when  alleles  are  restricted 
to  particular  regions  but  are  common  where  they  occur.  In  contrast,  when 
relatively  little  genetic  divergence  exists  among  regions  and  most  variant 
alleles  are  ubiquitously  distributed  throughout  the  taxon’s  range,  then  a 
conservation  program  can  place  less  emphasis  on  geographical  considerations 
alone. 

As  previously  mentioned,  the  population  genetic  structure  of  westslope 
cutthroat  trout  can  be  characterized  as  low  amounts  of  genetic  variation  within 
populations  and  substantial  genetic  divergence  between  populations  (Allendorf  and 
Leary  1988;  Leary  et  al . 1989).  Few  of  the  loci  examined  electrophoretically 
were  found  to  be  variable  in  any  one  population  and  a high  proportion  (37.8%)  of 
the  variant  alleles  were  detected  in  only  one  or  two  of  the  103  populations 
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TABLE  2 


Diagnostic  loci  between  westslope  and  Yellowstone  cutthroat  trout  and  between 
westslope  cutthroat  and  rainbow  trout.  When  more  than  one  allele  (form  of  a 
gene)  exists  at  a locus  within  a taxon,  the  most  common  allele  is  listed  first. 


Characteristic  alleles 

Characteristic  alleles 

Locus 

Westsl ope 

Yellowstone 

Locus 

Westslope 

Rainbow 

CK-C1 

100,  38 

38 

CK-A2 

84, 

100 

100,  76 

GPI-A 

92,  100 

100 

GPI-A 

92, 

100 

100 

mIDHP-1 

100 

-75 

mMEP-1 

88 

null 

mMEP-1 

88 

null 

sAAT-1 

200, 

250 

100 

PEPA-1 

100 

101 

sIDDH 

40, 

100 

100,200,40 

PEPB 

100 

135 

sIDHP- (1 , 2) 

86,114,100 

71,40 

100,114,71,40 

PGM- 1 

100,  null 

nul  1 

sAAT-1 

200,  250 

165 

sIDDH 

40,  100 

100,  -63 

SIDHP- 1 

86,114,71 

71 

sMEP-1 

100 

90 

sMEP-2 

100 

110 

NOTE:  In  rainbow  trout,  sIDHP- (1 ,2)  constitute  a pair  of  isoloci.  In  hybridized 
populations  between  westslope  cutthroat  and  rainbow  trout,  therefore,  these  loci 
are  treated  as  isoloci.  The  86  allele  at  these  loci  is  characteristic  of 
westslope  cutthroat  trout  and  it  usually  exists  at  a frequency  of  0.500  in  a non- 
hybridized  population.  Thus,  in  hybridized  populations  the  proportion  of 
westslope  cutthroat  trout  genes  at  these  loci  is  estimated  to  be  twice  the 
frequency  of  the  86  allele. 
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